The basic approach in the microscopic theory of binary metal systems has been developed. The electron-ion model Hamiltonian with nonlocal manyparticle interactions was obtained using the statistical operator averaging for the electron-nuclear model over the localized electron states. The role of orthogonalization and exchange effects on the formation of electron-ion interactions is investigated. The transition to the ion metal model with effective manyparticle interactions was performed.
The investigation of manyparticle effective interactions in the binary metallic systems is very interesting from different viewpoints. In particular, it is important in interpreting thermodynamic and structural characteristics of alloys and melts, in describing the quantum states of impurities in metals, structure phase transitions etc.
The basic approach, developed in papers [1, 2] , makes it possible to perform precise calculations without employing the model isights or any adjusted parameters. It gives the advantage of coupling the analytical and numerical analysis which becomes very substantial for the subsequent employment of the results produced.
In accordance with the basic approach let us consider the electron-nuclei model for the binary metallic system which consists of two types (c = a, b) of nuclei (N c is the number of nuclei of c type with the charge Q c · e) and N e = c N c Q c electrons, −e is the electron charge.
To describe the electron subsystem we use the compound basis of one particle wave functions
which consists of two orthogonal subspaces -localized {Ψ lc (r)}(c = a, b) and delocalized functions {Ψ k (r)}. The functions of localized electron states are formed from the atomic orbitals ϕ µc,ic (r) ≡ ϕ µc (r − R ic ) according to the Bogoliubov method [3] , for example Ψ λa,ja (r) = ϕ λa,ja (r) − 1 2 µa ia( =ja) (ϕ µa,ia , ϕ λa,ja )ϕ µa,ia (r)
where λ a , µ a are the quantum states numbers of localized electrons that form the ionic cores, and R ja , R ia are nuclei coordinates. The subspace of Ψ k (r)-functions can be constructed using different methods, for instance with the help of the technique described in paper [4] and grounded on the plane wave basis {ϕ k }. Let us calculate the partition function of the above described model over the electron variables in grand canonical ensemble
which plays a role of the effective statistical operator for nuclei (ionic) subsystem. The Hamiltonian of an initial model in the second quantization representation takes the formĤ
where the componentĤ n (R) is the operator sum of the nuclei kinetic energy and their mutual Coulomb interaction. The second term in the right part of (4) presents the electrons' kinetic energy and attraction with nuclei, the third term presents electron-electron interaction. Here a σ,s are Fermi operators, which correspond to Ψ σ (r)-functions (with the spin projection s), {σ} = {λ a , j a }, {λ b , j b }, {k} . The "stroke" means that some number of wave vectors, which is equal to the number of localized functions in {Ψ la }, {Ψ l b } subspaces are excluded from k-spectrum. Matrix elements in (4) are defined as follows:
According to the papers [1, 2] , we will split the calculation of Z e (µ) into two stages.
In the first stage we will calculate the track of statistical operator over the localized electron states λ c (c = a, b). In the second one -over the collectivized electron states. After the first stage computation we obtain the effective statistical operator of the collectivized electron subsystem in the ionic field, which determines the Hamiltonian of electron-ion model on {Ψ k }-subspace:
HereĤ
is the Hamiltonian of isolated ion subsystem, E 0 c is the energy of an isolated ion and
where
is the effective ion valency function, which at q → 0 tends to its true value -the ion valency Z c . The second term inĤ ef describes the one particle electron-ion interaction and the third describes the two electron interaction in the ion field.
To simplify the second stage computations (the averaging over the conductive electron states ) we will turn from operators a k,s to C k,s , which conforms with plane waves basis {ϕ k (r)} = {V −1/2 exp(ikr)} according to the expressions:
This relationship, simultaneously with the completeness condition for {Ψ σ }-basis, written in the momentum space
permits to recalculate the HamiltonianĤ ef matrix elements. The sum calculation over the wave vectors k can be done in the general form without concrete definition of functions Ψ k (r) . As a result, the general form of HamiltonianĤ ef remains, but instead of matrix elements T σ 1 ,σ 2 , R σ 1 ,σ 2 (q) (see (5)), calculated on the basic functions Ψ σ (r), we obtain matrix elements T
(q) which are calculated on the functions of OP W -system:
-orthogonalized plane wave. Thus, we obtained {σ} = {l a } ⊕ {l b } ⊕ {k} without any restrictions for the wave vector k. Further, we extract from operatorĤ ef the electron liquid HamiltonianĤ EL and the electron-ion interaction operatorV ei :
where ε k =h 2 k 2 /2m. We present here the main terms of matrix elements
, disregarding the components caused by gibridization effects between localized and delocalized electrons :
We pass on to the second stage of computation, i.e., the partition function calculation over the collectivized electron states. As in the reference system we use the electron liquid model with HamiltonianĤ EL . We will take into account the electronion interactions in terms of perturbation theory method. As one can see from (2), (14), the operatorV ei describes nonlocal one-and two-electron interactions, which have manyparticle character relatively to ions.
In this paper, in order to avoid inconveniences, we restrict ourselves to a simple metal case, neglecting the atomic function ϕ µa (r−R ja ) overlap integrals. To simplify the high order diagram calculation for perturbation theory series we will restrict ourselves to the main terms in A 2 (k 1 , k 2 |R) and A 4 (k 1 , k 2 , k 3 , k 4 |R), which are additive over ion partial structure factors
But in the first order of perturbation theory series we will also take into account the terms proportional to the product of two partial structure factors. The statistical operator track for the electron-ion model over the electron variables defines the statistical operator for the ion model of the metal with effective manyparticle interactions:
where µ * ≡ µ * (β, N/V ) is the electron chemical potential, F EL is free energy for electron liquid model, ω c is the single ion energy in the electron liquid surroundings in the pair correlation approximation relatively to the reference system,Ĥ ef (R) is the ion subsystem Hamiltonian where the interionic energy is written in terms of structure factors:
Here, we obtain the following expressions for the interionic potentials:
where µ n (q 1 , . . . , q n |k) − k is the component n-particle static semi-invariant correlation function of the reference system [5] . Particulary, in the local field approximation
where G q is static local field correction function and
is the pair correlation function of noninteracting electron subsystem. The effective ion valence function is determined by expressions:
The contributions to effective interionic potentials which appear in the second and higher orders in perturbation theory series are obtained in the following approxima-
Here, the main term of two-electron interaction is taken in Hartree-Fock approximation. In accordance with (18), n-particle interionic potentials are of the screening character, particularly V (2) c 1 ,c 2 (q) have the following asymptotics:
where L(q) = V q V −1 µ 0 2 (q, −q). As we can see, the nonlocal matrix elements of electron-ion interaction, simultaneously with electron liquid model correlation functions, completely define the character of n-particle interionic potentials. For example, let us consider the properties of these matrix elements for the metallic lithium case, using a simple 1s-function ϕ 1s (r) = π −1/2 (α/a 0 ) 3/2 exp(−αr/a 0 ), 
where a 0 is Bohr radius and α is a variational parameter (for an isolated ion Li + parameter α takes the value 43/16 ). This form being sufficiently precise for 1s electron description, makes it possible to perform the calculations for a c 2 (k + q, k) in analytical form, which permits to perform the precise analysis of the obtained results. Figures 1-3 show the main components of electron-ion formfactor a c 2 (k + q, k) for the case k = k F and a different mutual orientation of vectors k and q(t ≡ cos(k, q) = −1, 0, 1) . Figure 1 illustrates the contribution of electron kinetic energy change caused by orthogonalization effects. Figure 2 shows the contribution caused by exchange interaction between localized and conductive electrons in different approximations: dashed curve corresponds to plane wave approximation and the solid one corresponds to orthogonalized plane wave. Figure 3 illustrates the direct electron-ion Coulomb interaction. Lower curve corresponds to plane waves approximation, higher curves are orthogonalization corrections. Figure 4 illustrates the total formfactor dependence over k, q being the average over the angle between k and q. All figures correspond to α = 43/16. As one can see in figures 1-4, the formfactor a c 2 (k + q, k) speciality is its high nonlocality (dependence on modulus and orientation of vector k), caused, firstly, by orthogonalization effects. The most important corrective term is the kinetic energy contribution (see figure 1) . It generates the maximum on a c 2 (k+q, k) curve (figure 4). The height of this maximum decreases with the electron kinetic energy increasing. We have calculated the Fourier transformation of formfactor a c 2 (k + q, k), averaged over the k and q angle (figure 5) at k = 0, k F , 2k F . The a 2 (r, k) dependence has the Coulomb character (r −1 ) for small and for large values of r ( lim r→∞ (a 2 (r, k)) = −Z * e 2 /r).
